Introduction: This study analyzes practice patterns, treatment-related mortality, survival, and predictors thereof in elderly patients with early-stage esophageal cancer (EC).
Introduction
Esophageal cancer (EC) remains a prevalent oncological disease affecting more than 16,000 people annually within the United States. 1 Despite the best treatment efforts from a multidisciplinary standpoint, 5-year overall survival (OS) is dismally low at 18% for all comers and moderately higher at 41% for the quarter of patients in whom localized cancer confined within the esophagus has been diagnosed. 2 According to National Comprehensive Cancer Network guidelines, a surgical procedure, when feasible, is considered the curative standard of care for stage I cancer. 3 However, various factors such as multiple comorbidities or nonmedical, *Corresponding author.
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sociodemographic differences may prevent a patient from being managed surgically. 4, 5 Patients with clinically staged T1-2N0 EC comprise a substantially heterogeneous population that has been highly underrepresented or excluded from many phase III trials of trimodality therapy. As such, there are several recommended options for these patients, including esophagectomy (Eso), chemoradiotherapy (CRT), and various surgical techniques of local excision (LE). 3 To date, there have been no randomized trials in this cohort comparing these diverse paradigms; hence, the optimum treatment for this collective remains unclear. Furthermore, several randomized clinical trials have shown that local control and survival of patients with EC directly correlates with the degree of treatment intensity. [6] [7] [8] Despite this, older patients with locoregional EC are far less likely to undergo a surgical procedure than younger patients, an observation that is partly attributable to lower rates of referrals to surgeons on the basis of increasing age. 9 Therefore, it appears that physicians may feel more comfortable in providing a less aggressive, nonsurgical therapy such as chemoradiation among the elderly despite their early stage of disease.
Indeed, advanced age presents an added challenge to the health disparities already present in cancer-directed treatment. Elderly patients, a similarly heterogeneous group, may be at higher risk for postoperative complications and death therefrom, 10 which may in turn be influenced by the type of preoperative therapy. 11, 12 However, other data have refuted these notions, 13, 14 and risk stratification methods have been developed for optimal patient selection, so as to minimize intraoperative and perioperative complications. [15] [16] [17] Hence, because optimal treatment for the very old (80 years) patients with stage I EC is highly controversial, we utilized the National Cancer Data Base (NCDB) to investigate practice patterns in this cohort and evaluated outcomes on the basis of four treatment paradigms: Eso, LE, CRT, and observation (Obs). These results have important implications for the evolving management of the rather ambiguous notion of cT1-2N0 disease in an equally ambiguous elderly population.
Material and Methods
This study involved extraction of deidentified patientlevel data on locoregional EC cases from the NCDB. The NCDB, a collaborative effort between the American Cancer Society and the Commission on Cancer of the American College of Surgeons, is a comprehensive oncology surveillance program that captures approximately 70% of all new cancer diagnoses in the United States from more than 1500 Commission on Cancerapproved centers. 18 Data reporting to the NCDB is strictly regulated. 19 The NCDB file was awarded to the authors for analytical purposes and is exempt from institutional review board review. The inclusion criteria encompassed elderly patients (80 years) in whom primary (nonmetastatic) cT1-2N0 EC had been diagnosed from 2004 to 2012. Per the NCDB participant user files, the seventh edition American Joint Commission on Cancer staging system was reportedly used to stage patients whose disease was diagnosed in 2010 or later, whereas the sixth edition was used for cases from 2009 or earlier. Therefore, the only patients with cT2 allowed were from 2010-2012. Our study was further restricted to patients categorized as having undergone clinical Obs or having received local definitive therapy consisting of concurrent CRT, LE, or Eso. Obs was defined as not having received any systemic therapy, radiation therapy, or operation. The CRT group consisted of patients who received concurrent CRT with or without induction chemotherapy, with the former defined as chemotherapy started within 14 days of the start of radiation therapy (91% of patients). A minor subset of patients in the CRT group (n ¼ 15) underwent a local excision within 100 days before CRT. This was allowed because the timing suggested CRT as part of the initial definitive therapy, such as for positive margins. The LE group consisted of patients who had undergone any form of local tumor excision or destruction that did not constitute a partial or total Eso. Eso was defined as partial or total removal of the esophagus with or without a gastrectomy. Patients in the Eso group could receive neoadjuvant or adjuvant therapy, although this pertained to less than 10% of cases. Finally, we excluded patients with unknown survival status or timing of specific therapies delivered, as well as patients treated with a "palliative intent," as they likely received lower doses of radiation or chemotherapy for symptomatic management.
Information collected on each patient broadly included demographic data, comorbidity scores as adapted by Deyo et al., 20 clinicopathologic tumor parameters, and treatment variables. Of note, facility type was dichotomized into academic/research versus nonacademic facilities (consisting of community cancer programs or comprehensive community cancer programs). Patient distance from facility was also dichotomized to either local (0-25 miles) and distant (>25 miles) distances. Facility volume, which was studied in the Eso group, was calculated as the total number of Esos performed in a given facility from 2004 to 2012, regardless of disease stage.
Statistical analysis was performed with SAS software, version 9.4 (SAS Institute, Inc., Cary, NC). a Values less than 0.05 were considered significant; all tests were two sided. Comparisons of sociodemographic, tumor, and treatment characteristics by group were performed with chi-square or Fisher's exact tests. Post hoc analysis involved pairwise comparisons using the z test of two proportions with a Bonferroni correction. The KruskalWallis test was utilized to detect statistically significant differences in the median age between the four treatment groups. Two binomial logistic regression models were then constructed to ascertain the effects of various patient, tumor, and treatment characteristics on the likelihood of being observed (versus any form of local therapy) or the likelihood of undergoing an operation (versus CRT or Obs). ORs with corresponding 95% confidence intervals (CIs) were reported, and both logistic regression models were statistically significant, with R 2 ¼ 18% to 24% and R 2 ¼ 30% to 41.5%, respectively. The primary outcome of interest was OS, which was defined as the time from diagnosis to last contact or death. OS time for surviving patients was censored at the time of last contact, and 5-year OS was estimated by the Kaplan-Meier method. A Cox proportional hazards model was used to study the effects of several factors on survival, expressed as hazard ratios (HRs). Only variables significant on univariable analysis were included in the multivariable analysis.
Results

Patterns of Care
A CONSORT diagram of patient selection is provided in Figure 1 . The study population comprised 923 patients (Table 1) . Of these, 43% underwent clinical Obs, 22% underwent CRT, 25% underwent LE, and 10% underwent Eso. The median age was 84 years (range 80-90 years) for the overall cohort and significantly lower in the Eso group than in the Obs group (82 years versus 85 years [p < 0.001]). Patients were predominately male and white; however, the highest proportions of women and African Americans were found in the nonsurgical groups (Obs or CRT [p < 0.001]). Roughly 70% of the elderly population had a comorbidity score of 0, out of which 38.5% were observed. Comorbidity score distribution was significantly different only between the Obs and LE groups (p < 0.001) and between the Obs and CRT groups (p ¼ 0.004), despite Obs and Eso having similar distributions with overall lower scores of 0 (63.1% and 64.9%, respectively). Surgical interventions were mainly performed at academic centers. Adenocarcinomas were more common than squamous cell carcinomas (68% versus 22.4%), which correlated with a prevalent tumor location within the lower third of the esophagus (60.9%). Eso and LE were more often used in patients with adenocarcinomas ( Fig. 2) .
On binomial logistic regression to predict the likelihood of a particular treatment within the elderly population (Table 2) , there were significantly higher odds of undergoing clinical Obs with increasing age (OR ¼ 1.18, 95% CI: 1.13-1.23, p < 0.001), a comorbidity score of 2 or higher (OR ¼ 2.36, 95% CI: 1.36-4.12, p ¼ 0.002), Figure 1 . CONSORT diagram. EBRT, external beam radiation therapy; RT, radiation therapy. 
Treatment Outcomes
The 30-and 90-day mortality rates were evaluated in both surgical groups, recognizing that 40 patients in the LE group (17%) lacked this information. The 30-day mortality was 1.3% in the LE group (n ¼ 3) (1.5% when unknown values were excluded) and 9.6% in the Eso group (n ¼ 9) (p < 0.001). These numbers increased to 2.6% (n ¼ 6) and 20.2% (n ¼ 19), respectively, at 90 days (p < 0.001). Given the comparatively high postoperative deaths in the Eso group, facility volume as a potential associative factor was then investigated for this population. Of the 60 patients treated at an academic/research center, 58 (97%) were at a center performing surgery more than 25 during the study time period, as compared with 18 of the 34 patients (53%) treated at a nonacademic facility. OS was significantly higher when patients were treated at institutions performing surgery in more than 25 cases over the time period (p ¼ 0.015). However, there did not seem to be a significant association between 30-day mortality and facility type (p ¼ 0.734) or volume (p ¼ 0.117).
Survival Analysis
The median follow-up for all patients was 13.9 months (range 0-119.8 months). Figure 3 displays survival curves for each of the four groups. The 5-year OS estimates were 7% for Obs, 20% for CRT, 33% for LE, and 45% for Eso (p < 0.001).
Factors associated with improved OS on univariable analysis included treatment group, age, comorbidity score, sex, facility type, distance from facility, and year of diagnosis. Histological subtype was not a significant factor on univariate analysis. On multivariate Cox regression analysis (Table 3) 
Discussion
Although the median age of patients in whom EC has been diagnosed is around 67 years, very elderly patients represent a unique and challenging subpopulation to health care providers for a variety of reasons. Apart from known factors that are often associated with treatment disparities such as socioeconomic status or ethnicity, 4, 5 the age of these patients in itself predisposes them to being potentially deprived of consideration of all treatment options. In the largest retrospective study to date of patients 80 years or older in whom stage I EC has been diagnosed, we have shown that most patients received no form of local therapy at all for their potentially curable disease, whereas 22% were treated with CRT, 25% with local resection of their tumors, and 10% with an Eso. The 5-year OS was not surprisingly poor with Obs; however, these patients were more likely to have two or more significant comorbidities, and they also exhibited the sharpest decline in survival from time of diagnosis, which is likely attributable to non-cancerrelated deaths.
In general, health disparities were observed herein and are important to characterize. When the elderly were stratified by any surgical procedure versus CRT or Obs, female patients, African Americans, and patients of the bottom income quartile were less likely to undergo surgery-findings that corroborate the results from other retrospective studies in nonelderly cohorts. 21, 22 Another key factor that drives the treatment of choice and subsequent outcome is the type of treating facility. Although slightly more than half of all patients were treated within the community, 82% of these patients did not undergo an operation (compared with 42% of patients treated in an academic center). A possible explanation for this difference is a higher dependence on direct referrals in the community. For example, when Steyerberg et al. 9 utilized the Surveillance, Epidemiology, and End Results database to analyze referral patterns in elderly patients 65 years or older in whom locoregional EC had been diagnosed, they discovered that older patients were far less likely to be referred to a surgeon (61% for age 85 years versus 80% for ages 65-75) and were therefore also less likely to undergo an operation (23% for age 85 years versus 55% for ages 65-70). Lastly, there was a rather compelling finding that patients living closer to treating institutions tended to undergo Obs. Likely reasons include the clinical judgment that observing patients who live locally are potentially easier to observe regularly or that some patients were medically unfit to endure repeated visits to an institution farther from home.
Despite health disparities among the elderly, there are valid high-risk features that make any patient a poor surgical candidate. Major morbidities such as anastomotic leakage, sepsis, pneumonia, and prolonged ventilation are feared after an Eso, with rates documented to be as high as 50%. [23] [24] [25] Similarly, 30-day mortality can range from 1.4% to 9.8%, 26, 27 with advances in surgical technique and postoperative care likely accounting for the improved perioperative outcomes. 28 Patients in our Eso group had a 30-day mortality rate of 9.6%, which is high but within the realm of historical rates. However, this number doubled at 90 days, which is concerning and argues for better patient selection, even more so for patients 80 years or older because older age has been found to be a negative predictor of outcomes. 17, 27 Eso was associated with the highest 5-year OS (45%); however, the survival benefit must be carefully balanced with the potential perioperative complications on a caseby-case basis. We suggest that patients be categorized as either "functionally fit" or "functionally unfit" instead of by age through the use of performance status and geriatric assessments (in addition to comorbidity evaluation) to expound on the risks and benefits of Eso.
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Surgery at a high-volume facility is also recommended on the basis of prior studies, 15 with our findings of 25 or fewer cases per facility being associated with significantly worse survival.
Although less invasive than Eso, LE is considered a surgical procedure that may consist of various local therapy modalities such as endoscopic mucosal resection, radiofrequency ablation, cryotherapy, and photodynamic therapy. Such therapies have been shown to be both safe and effective for management of early EC. [30] [31] [32] In our cohort, there were no significant differences in comorbidity scoring between LE or Eso. Negative margins were more likely after Eso, but LE was associated with lower rates of 30-and 90-day mortality (1.3% and 2.6%, respectively). However, we must interpret these data with caution, largely owing to the proportion of missing values with regard to margin status and mortality. Pairwise comparisons showed significant improvement in OS with LE over CRT but no statistically significant difference between LE and Eso. Therefore, LE should be considered as an optimal treatment strategy among the elderly.
For patients who are unable to tolerate any form of surgery, concurrent CRT might provide a survival benefit over Obs alone (5-year OS of 20% versus 7% [p < 0.001]). Although the toxicity profile of CRT should be cautiously considered in older patients, several measures can be taken to limit possible acute and longterm adverse effects. In particular, advances in radiation delivery and techniques such as intensity-modulated radiotherapy and charged particle therapy (carbon ion or proton beam therapy) are slowly improving outcomes and replacing the current standard of three-dimensional 12, 36 Randomized studies are required, however, to obtain a deeper understanding of the maximum benefit of CRT delivered through advanced radiation techniques in patients 80 years of age and older.
As with any retrospective analysis, our study is largely hindered by an undisputable selection bias that cannot be fully taken into consideration outside of a randomized trial setting. That being said, we were able to account for several important patient, tumor, and treatment characteristics such as age, comorbidity scoring, facility type, and distance, all of which remained significant predictors of OS in our multivariate analysis. Further limiting factors in our study include lack of information regarding performance status, staging modality (whether by diagnostic imaging or endoscopic evaluation), chemotherapy regimens, radiation dose distribution and modality, perioperative complications, disease-free survival, and non-cancerspecific causes of death.
In conclusion, we have demonstrated that a surprisingly large proportion of patients 80 years and older with stage I EC remain under clinical Obs after their diagnosis. Any form of local therapy, including CRT, statistically improved OS when compared with Obs. Finally, if surgery is feasible, local excision should be considered over CRT and Eso, given the potentially lower toxicity profile and postoperative mortality rates.
